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Abstract Several experimental and animal studies have
demonstrated that substances rich in antioxidants can
reduce the physicochemical and peroxidative risk factors
for calcium oxalate (CaOx) renal stone formation in urine
and blood. However, there are very few such investigations
in humans. In the present pilot study, two varieties of tea, a
green one from Japan (JGT) and a herbal one from South
Africa (Rooibos) (RT), both rich in antioxidants, were
administered to a group of CaOx stone formers (SF) (n = 8)
for 30 days. Both teas were analysed for polyphenols by
high-performance liquid chromatography and for miner-
als by plasma atomic and optical emission spectroscopy.
24 h urines (baseline and day 30) were analysed for litho-
genic factors. CaOx metastable limits and crystal nuclea-
tion and growth kinetics were also determined in each urine
sample. Deposited crystals were inspected by scanning
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electron microscopy. Blood samples were collected (base-
line and day 30). Biomarkers of oxidative stress including
plasma and urinary thiobarbituric acid reactive substances
(TBARS) and urinary N-acetyl-B-D-glucosaminidase
(NAG) were also determined. Urinary physicochemical
risk factors were also investigated after ingestion of RT for
30 days in two control groups (CG1 and CG2), the latter
one of which consisted of habitual JGT drinkers. Statisti-
cal analyses were performed using Wilcoxon signed rank
tests and Mann—Whitney tests for paired and independ-
ent measurements, respectively. Several flavonoids and
catechins were quantified in RT and JGT, respectively,
confirming that both teas are rich sources of antioxidants.
Mineral content was found to be far below dietary refer-
ence intakes. There were no significant changes in any of
the urinary physicochemical or peroxidative risk factors in
the control groups or in SF, except for the supersaturation
(SS) of brushite (Bru) which decreased in the latter group
after ingestion of JGT. Crystal morphology showed a ten-
dency to change from mixed CaOx mono- and di-hydrate
to monohydrate after ingestion of each tea. Since the lat-
ter form has a stronger binding affinity for epithelial cells,
this effect is not protective. Analysis of the physicochemi-
cal and peroxidative risk factors in CG1 and CG2 did not
reveal any evidence of a synergistic effect between the two
teas. Paradoxically, baseline risk factors in the habitual JGT
control group were significantly raised relative to those in
CGl. Our preliminary results suggest that ingestion of RT
and JGT does not reduce the risk factors for CaOx stone
formation in humans, but these findings need to be tested in
further studies involving much larger sample sizes.
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Introduction

Several in vitro experimental and in vivo animal studies
have demonstrated a strong correlation between oxida-
tive stress and the risk of calcium oxalate (CaOx) renal
stone formation [1-3]. These and other studies have also
shown that administration of substances rich in anti-
oxidants can reduce such risks [4-9]. Unfortunately,
there are only a few studies which have investigated the
potential prophylactic effects of dietary antioxidants
in humans and these have involved only two such sub-
stances, vitamin E [10, 11] and pomegranate extract
[12]. Vitamin E lowered urinary excretion of oxalate and
calcium, and increased excretion of citrate in hyperox-
aluric stone formers in the first of the studies involving
this substance [10]. In the other study, it reduced lipid
peroxidation products, increased plasma antioxidant
enzymes and plasma vitamin E and restored the bio-
chemical and kinetic properties of urinary THP, a well-
known inhibitor of CaOx crystallization, in hypertensive
and hyperoxaluric patients [11]. In the pomegranate
study, supersaturation (SS) of CaOx tended towards
decreasing values in a group of calcium stone formers
who had demonstrated increased antioxidant activity
after administration of this substance [12].

Various teas are rich in potent antioxidants such as fla-
vonoids and other polyphenols [13—15]. As such, they may
have antilithogenic capacity. Teas are broadly classified as
green tea (unfermented), oolong tea (semi-fermented) and
black and red tea (fermented) [15]. While all types have
been investigated for their beneficial health effects, green
tea (GT) has received the most attention [15]. Numerous
such benefits have been demonstrated [15]. Despite this,
GT’s potential protective effects on CaOx nephrolithi-
asis have been investigated only in experimental and ani-
mal models [6, 7, 16]. These studies have shown that it
decreases CaOx crystal deposits [6, 7, 16], decreases uri-
nary oxalate excretion [6, 7] and inhibits free-radical pro-
duction induced by oxalate [7].

Green tea is widely consumed in China, Japan, Korea
and Morocco [15]. A South African herbal tea, rooibos
(Aspalathus linearis), indigenous to the Cedarburg Moun-
tain [17], is rich in antioxidants such as flavonoids, poly-
phenols and phenolic acid [18, 19]. It also contains the
unique C-C linked dihydrochalcone glucoside aspalathin
and cyclic dihydrochalcone aspalathin, both of which are
strong antioxidants [20].

It is apparent that prospective studies for assess-
ing whether teas rich in anti-oxidants have a capacity for
reducing the risk of renal stone formation in humans are
lacking. Investigations of their antilithogenic potential are,
therefore, warranted. Rooibos herbal tea (RT) and a variety
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of green tea commonly consumed in Japan (JGT) were
selected for the present study.

Subjects and methods

Determination of oxalate release in RT and JGT as a
function of brewing time

An enzymatic assay was used for the determination of
oxalate in the two teas (Oxalate Kit, Sigma Diagnostics,
St. Louis, MO, USA). Samples were prepared for analysis
by adding 250 ml of boiling MilliQ water to each teabag.
These were removed after brewing times of 5 and 10 min.
The samples were stirred to obtain homogenous solutions
and were allowed to cool to 25 °C. Aliquots of 20 ml were
decanted for the kit analysis.

Determination of polyphenol compounds in aqueous
infusions of RT and JGT

Aqueous extracts were prepared by infusion, by pour-
ing 100 ml of hot distilled water (90 °C) on 1 g of tea
and steeping it for 5 min. Infusions were filtered prior to
analysis. Chromatographic separation was performed at the
Oxidative Stress Research Centre (Cape Peninsula Univer-
sity of Technology, Bellville, Cape Town) using an Agilent
1200 Series HPLC System. The column was an YMC Pack
pro C-18 column (150 x 4.6 mm id). Eluents for the deter-
mination of flavonoids in RT were (A) aqueous 300 ul/L
formic acid and (B) methanol containing 300 ul/L formic
acid, while for the determinations in JGT, eluents were (A)
aqueous 3 % acetic acid and (B) methanol.

Flow rate was 1 ml/min. Acquisition in RT was set at
287 nm for aspalathin and at 360 nm for all other compo-
nents, while in JGT it was set at 280 nm for all compo-
nents. Analyses were performed in duplicate.

Determination of minerals in aqueous infusions of RT
and JGT

Infusions for mineral analysis were prepared in the same
way as for the analysis of polyphenols. These were filtered
prior to analyses. Sodium, potassium, calcium and mag-
nesium were analysed using an Agilent 4100 Microwave
Plasma Atomic Emission Spectrometer (MP-AES) with
an Agilent 4107 nitrogen generator (operating conditions:
pump speed 15 rpm, nebulizer pressure 240 kPa, rinse time
30 s, sample uptake 90 s and equilibration 15 s). Phos-
phorus was analysed by inductively coupled plasma opti-
cal emission spectroscopy (ICP-OES) using a Varian 730
Series instrument (operating conditions: plasma power



Urolithiasis (2016) 44:299-310

301

1.2 kW, plasma flow 15 l/min, auxiliary flow 1.5 I/min,
nebuliser flow 0.75 I/min, pump rate 15 rpm, rinse time
10 s and sample uptake 15 s).

Study groups

Healthy white male volunteers between the ages of 18-26
with no chronic illness of any nature (n = 10) were
recruited from the student and staff cohorts of the Uni-
versity of Cape Town (control group 1). Another cohort
(n = 10) having the same characteristics was recruited at
the University of Nagoya (control group 2). In addition,
CaOx kidney stone patients (n = 8) (group SF) between the
ages of 30-60 were recruited in Cape Town from the Urol-
ogy Departments at Groote Schuur and Tygerberg Hospi-
tals and from a urologist in private practice.

Trials involving the healthy subjects were indepen-
dently conducted at the research centres in Cape Town
and Nagoya and involved the ingestion of RT only. Trials
involving stone formers (SF) were conducted at the Univer-
sity of Cape Town only. These involved the ingestion of RT
and JGT. Participants were required to complete a medi-
cal questionnaire; those who reported any current medical
problems were excluded from participation.

The rationale for studying the response of control sub-
jects to RT ingestion was to allow an informed decision
to be made regarding a suitable dosage in the subsequent
investigation involving SF patients. The rationale for
involving control group 2 (in addition to control group 1)
was to investigate whether the effects of RT would be mod-
ulated in any way in subjects whose habitual dietary regi-
men included consumption of JGT.

The study at both universities was conducted in accord-
ance with the principles of the 1964 Helsinki Declara-
tion and its amendments or comparable ethical standards.
Informed consent was obtained from all participants.
In addition, the study was approved by the Faculty of
Human and Health Sciences Research Ethics Committee
of the University of Cape Town (Ref number: HREC REF
221/2012). Ethics approval per se was not required by the
University of Nagoya.

Protocols
Control groups

Each subject at both research centres was provided with
Freshpak rooibos tea (Entyce Beverages, Rivonia, South
Africa). Subjects were instructed to drink 250 ml of a low
mineral content water (Cape Town-Ca: 6.1 mg/l, Mg:
1.0 mg/l; Nagoya—Ca: 7.0 mg/l, Mg: 0.9 mg/l) during
the 24 h period prior to collection of their baseline urine

samples as described below. They drank 2 cups (125 ml per
cup) of RT per day (2 tea bags per 125 ml low mineral con-
tent water, brewing time 5 min at 90 °C) for 30 days. The
tea was taken in two doses of 125 ml each: the first at mid-
morning and the second at mid-afternoon.

Stone formers

After consideration of the results obtained in the study
involving the control groups as described below, the dosage
for RT in this phase of the study (SF) was doubled. Each
subject drank 4 cups of tea per day (2 tea bags per 125 ml)
for 30 days. The tea was taken in four doses of 125 ml each:
morning, mid-morning, mid-afternoon and before retiring.
Prior to collecting their baseline urine samples, subjects
were required to drink 500 ml of the low mineral content
water. A final urine sample was collected on day 30.

After completion of the RT protocol, each SF observed
a washout period of 7 days. A 24 h urine sample was then
collected. This served as the baseline sample for the next
phase of the study in which Japanese green tea (JGT) (Ito-
en Ltd, Tokyo) was ingested for 30 days. The same dos-
age (4 x 125 ml per day) and brewing time (5 min) were
administered as that used for RT ingestion.

Dietary restrictions

During the trial periods themselves (controls and SF
patients), subjects were given a list of foods high in anti-
oxidants and oxalate which they were instructed to avoid
[21-23]. However, subjects in control group 2 were advised
not to restrict their habitual daily consumption of green tea.
After the trial, these subjects were asked to estimate their
daily intake of this tea. SF subjects completed 24 h food
diaries at baseline and on day 30. On day 30 they were
required to follow the same diet as day 0. Diaries were ana-
lysed using FoodFinder 2 [24].

Urine collection and analysis

Each subject collected 24 h urine samples in plastic bottles
without preservatives, on day O (baseline), and on day 30 of
the study. Urines were tested for nitrite using urinary test
strips. Those testing positive were discarded. Urines were
filtered through a 0.75 pm pre-filter followed by a 0.45 pm
nitrocellulose filter paper and were then stored at 4 °C prior
to analysis. Samples were analysed in duplicate for pH, Na,
K, Ca, Mg, phosphate, Ox, citrate, uric acid and chloride
as described elsewhere [25, 26]. These parameters were
used to calculate the Tiselius risk index (TRI) [27] using in-
house software and SS of various stone-forming salts using
EQUIL2 [28].
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Blood collection and preparation

Subjects were required to fast for 12 h prior to blood col-
lection. Blood was drawn by a qualified phlebotomist from
each subject on the mornings of day 0 and 30. Samples
were stored on ice until centrifugation. Plasma samples
were prepared within an hour of blood collection by centri-
fuging at 3000 rpm for 15 min (Labofuge 200 Centrifuge,
Heraeus Sepatech, Germany).

Determination of urinary and plasma biomarkers
of oxidative stress

Identical methods were used in the respective laboratories
at the University of Cape Town and at the University of
Nagoya for the determination of urinary and plasma bio-
markers of oxidative stress.

Plasma and urinary thiobarbituric acid reactive sub-
stances (TBARS) were measured as MDA equivalents using
an assay kit (OXI-TEK TBARS Assay kit, ZeptoMetrix,
Buffalo, New York, USA). The reaction is based on malon-
dialdehyde (MDA) forming a 1:2 adduct with thiobarbituric
acid (TBA), producing an MDA-TBA adduct with a pink
colour which can be measured by spectrophotometry at
532 nm (Spectronic Unicam Helios, Cambridge, England).

Urinary N-acetyl-f-D-glucosaminidase (NAG) was
determined using a NAG assay kit (Roche, Mannheim, Ger-
many). The reaction is based on 3-cresolsulfonphthaleinyl-
N-acetyl-B-D-glucosaminide ~ being  hydrolysed by
N-acetyl-pB-D-glucosaminidase, producing 3-cresolsulfon-
phthalein with an orange colour which can be measured by
spectrophotometry at 580 nm.

Calcium oxalate metastable limit (CaOx MSL)

The CaOx MSL was determined in the urines of SF subjects
only, using the method described by Ryall and co-workes [29].
Briefly, aliquots (10 ml) of filtered urine were pipetted into
small plastic cups. Increasing concentrations (15-195 mM)
of sodium oxalate (Na,Ox) were added stepwise to successive
cups which were then incubated at 37 °C for 30 min. Absorb-
ance of each sample was measured at 620 nm using a UV-
Vis spectrophotometer (AnalytikJena Specord 40, Germany)
and was plotted as a function of Na,Ox concentration. The
concentration of sodium oxalate (umol/l) at which a sudden
increase in absorbance occurred (corresponding to crystal for-
mation) was taken as a measure of the CaOx MSL.

Simultaneous measurement of CaOx crystal nucleation
and aggregation Kinetics

CaOx crystallisation kinetics was determined in SF urines
only. CaOx crystal nucleation and aggregation were
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induced according to the procedure described by Hess and
co-workers [30]. Briefly, stock solutions of Ca and Ox con-
taining 200 mM sodium chloride, 10 mM sodium acetate,
and 8.5 mM calcium chloride and 1.0 mM potassium oxa-
late, respectively, were prepared. pH was adjusted to 5.7
in both solutions using either hydrochloric acid (HCI) or
sodium hydroxide (NaOH). The stock solutions were fil-
tered through a 0.22 um filter. Aliquots of each stock solu-
tion were placed in plastic cups clamped in a circulating
water bath at 37 °C. 1 ml of the Ca solution was trans-
ferred to a cuvette placed in the spectrophotometer, regu-
lated at 37 °C and constantly stirred at 500 rpm. 20 pl of
pre-filtered urine and 1 ml of the Ox solution were added.
Absorbance readings at 620 nm were recorded for 30 min.
These values were plotted as a function of time and the
slopes of the linear increase and decrease in absorbance
were measured. The maximum increase in the slope was
interpreted as the maximum rate of the formation of new
particles (crystal nucleation), while the decrease in the
slope was interpreted as the decrease in the rate of particle
number caused by crystal aggregation.

Scanning electron microscopy (SEM)

Urines obtained at baseline and after ingestion of both
teas for 30 days were subjected to SEM analyses. These
were performed in SF samples only. Because of logistical
constraints, urines from only 6 subjects were examined.
Crystallization was induced in 50 ml urine (SF only) by
the addition of a standard oxalate load (30 wmol/100 ml
Na,Ox) in excess of the previously determined CaOx MSL
[31]. These samples were then incubated for 120 min. Ali-
quots of 2 ml were then filtered through 0.22 pm Millipore
filters. After drying, each filter was glued to an aluminium
stub and splutter coated with 3-5 nm of Au/Pd for 10 min
(Bio-Rad, SEM Coating System) and then examined with a
scanning electron microscope (Nova NanoSEM230). Crys-
tals were viewed at a working distance of 57 mm using a
low voltage back scatter detector. Photographs were taken
at 1000x and 5000x magnification.

Statistical methods

Our small sample sizes precluded a thorough assessment
of the assumptions underlying parametric statistical meth-
ods. We, therefore, conducted our analyses using non-
parametric methods. Where measurements are paired by
subject, i.e. before and after the intake of rooibos and/or
Japanese green tea, these were compared using Wilcoxon
signed rank tests. Where measurements are from independ-
ent samples, i.e. stone formers and a control group, these
were compared using Mann—Whitney tests. All tests were
conducted in R version 3.1.3.
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Results
Oxalate content and brewing times of RT and JGT

The oxalate release in RT was 2.35 and 4.52 mg/L after
brewing times of 5 and 10 min, respectively (p < 0.01). In
JGT, values were 22.10 and 24.12 mg/L, respectively. To
minimise the oxalate intake during the trial, subjects were
instructed to use a brewing time of 5 min when preparing
their tea for ingestion.

The oxalate concentration in RT has not been previously
reported. Our values for JGT are similar to some of the
teas investigated by Honow and co-workers [32], but com-
parisons are odious as oxalate content varies widely with
regional origin and time of harvest [32].

Polyphenol and mineral content of RT and JGT

The concentration of various polyphenolic compounds in
each tea is given in Table 1. These include several flavo-
noids (in RT) and catechins (in JGT). Their presence in
the respective teas has been previously reported by other
workers [33, 34]. It is the potential effect of these antioxi-
dants on the risk of kidney stone formation which is the
focus of the present study. On the other hand, our val-
ues for the concentration of several minerals in each tea
(Table 2) indicate that they are present in minute quantities
far below dietary reference intakes. This has been reported
previously [35]. As such, it is unlikely that they would sig-
nificantly affect urinary physicochemical risk factors for
stone formation.

Table 1 Mean concentrations (£SD) of polyphenols in aqueous
extracts of Rooibos tea and Japanese green tea

Rooibos tea Japanese green tea

Compound  Concentration (mg/g) Compound Concentration
(mg/g)

Aspalathin 0.100 (£0.001) Catechin 5.19 (£0.02)
Orientin 0.212 (£0.002) EGCG 14.17 (£0.21)
Isoorientin ~ 0.363 (£0.007) EC 5.58 (£0.09)
Isovitexin 0.053 (£0.001) GCG 4.25 (£0.10)
Vitexin 0.081 (£0.001) ECG 2.64 (£0.08)
Hyperoside  0.501 (£0.014) Gallic acid  0.11 (£0.00)
Quercetin 0.015 (£0.004) Caffeine 7.07 (£0.01)
Luteolin 0.007 (£0.001)

Chrysoeriol ~ 0.004 (£0.000)

EGCG epigallocatechin gallate, EC epicatechin, GCG gallocatechin
gallate, ECG epicatechin gallate

Table 2 Mean concentrations (£SD) of minerals in aqueous extracts
of Rooibos tea and Japanese green tea

Mineral Rooibos tea Japanese green tea
Concentration (mg/g) Concentration (mg/g)

Ca 0.495 (£0.001) 0.730 (£0.001)

Mg 0.222 (£0.001) 0.491 (£0.001)

Na 5.060 (£0.033) 3.560 (£0.025)

K 2.675 (£0.002) 12.65 (£0.004)

P 0.263 (£0.001) 1.037 (£0.003)

Control groups 1 and 2
Physicochemical risk factors and peroxidative biomarkers

The mean habitual intake of JGT in control group 2 was
355 £ 187 ml/d (range 200-750 ml/d). Mean 24 h urinary
physicochemical risk factors for control groups 1 and 2 at
baseline and after ingestion of RT for 30 days are given
in Table 3. The only statistically significant change which
was observed after the ingestion period was a decrease in
urinary chloride (Group 1). This is not regarded as being
clinically important. Notably, neither SS nor Tiselius Risk
Index values changed in either group.

The mean urinary and plasma biomarkers for oxidative
stress for control groups 1 and 2 at baseline and after inges-
tion of RT for 30 days are given in Table 4. No statistically
significant changes were observed.

Stone formers
Dietary intake

The mean dietary intakes at baseline and on day 30 for the
RT and JGT protocols are given in Table 5. There were no
statistically significant differences in the intakes on day 0
vs 30, nor were there any differences between the respec-
tive baseline intakes themselves. The intra- and inter-group
consistency in the intake of all nutrients indicates the
absence of any dietary conflicts.

Physicochemical risk factors and peroxidative biomarkers

Mean 24 h urinary physicochemical risk factors for stone
formers at baseline and after independent ingestion of RT
and JGT for 30 days are given in Table 6. The only sta-
tistically significant changes achieved by either of the teas
were a decrease in urinary volume after RT ingestion and
decreases in urinary sodium, potassium and SS brushite
after JGT ingestion. Besides the decrease in SS(Bru), none
of the other crystallization risk factors (MSL, nucleation
rate) changed significantly after ingestion of either tea.

@ Springer



304

Urolithiasis (2016) 44:299-310

Table 3 Mean (£SE) urinary physicochemical risk factors for CaOx nephrolithiasis at baseline and after ingestion of rooibos tea (RT) for
30 days in control groups 1 and 2

Urine parameter Control group 1 Control group 2 Baseline com-
parisons
Baseline (day 0)  Rooibos tea (day p value day O vs Baseline (day 0) Rooibos tea (day p value day O vs day O (group 1)
30) day 30 30) day 30 vs day 0 (group
2)

pH 6.25+0.13 6.22+0.15 0.969 635+0.13  6.15£0.11 0.182 0.524

Volume (ml/24 h)1840.90 & 166.01 2182.50 & 79.92 0.470 1635.00 £ 166.01 1340 £ 197.28 0.202 0.539

Citrate 3.10+£ 045 350+ 0.25 0.970 244 +032  226£0.51 0.193 0.283
(mmol/24 h)

Oxalate 0.32 £ 0.05 0.33+£0.02 0.724 0.37+0.09 0.28 £0.04 0.232 0.716
(mmol/24 h)

Calcium 243 £0.24 244 +£0.18 0910 3.59+£0.30 3.00 £ 0.57 0.432 0.009
(mmol/24 h)

Magnesium 248 £0.28 251 £0.19 0.791 297+0.24 248 £0.37 0.375 0.180
(mmol/24 h)

Sodium 111.27 £10.01 96.63 £6.65 0.301 25091 +£39.57 171.87 £31.21 0.064 0.003
(mmol/24 h)

Potassium 32.19+£2.15 31.15+£3.65 0.625 48.82£6.84 4229+590 0432 0.014
(mmol/24 h)

Urate 329+£043 373 £0.28 0410 3.58+0.37 3.06 £0.50 0.232 0.575
(mmol/24 h)

Creatinine 14.78 £ 1.63 1629 £1.19 0.209 1539 +£1.53 1295+223 0432 0.821
(mmol/24 h)

Phosphate 31.25+3.47 3375 +£3.12 0.569 27.55+3.01 23.83+3.89 0.770 0.456
(mmol/24 h)

Chloride 165.17 £22.89  113.50 4 10.80 0.042 23527 £43.08 160.94 £ 30.84 0.084 0.180
(mmol/24 h)

SS CaOx 2.61 +£0.29 2.53+0.33 1.000 381+021 4.13£0.82 0.064 0.002

SS brushite 0.64 £0.12 0.47 £0.09 0.289 144+041 0.83+0.14 0.432 0.129

SS uric acid 0.93 £0.22 1.05 £0.27 0.756 097+040 1.46+£0.23 0.193 0.771

Tiselius risk 267.93 £51.52  226.98 £26.40 0.424 325.33 £56.61 351.61 0.922 0.497

index

Aggregation was not detected in the baseline or 30-day
urines.

The mean urinary and plasma biomarkers for oxidative
stress for stone formers after ingestion of RT and JGT for
30 days are given in Table 7. There were no statistically
significant changes in any of the biomarkers after ingestion
of either tea.

Our concentrations for urinary TBARS in normal sub-
jects agree with those reported by others [36-38], but
values reported by Huang and co-workers [39] are much
higher than ours as well as those of the aforementioned
others. Our concentrations for urinary NAG also agree with
the literature values [36-39]. Concentrations of plasma
TBARS in the present study are 3-12 fold greater than
those reported by others [20, 40—43], but this can possibly
be attributed to the general inaccuracy in plasma TBARS
assays described by Moselhy and co-workers [44]. We
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were able to find only one study in which the concentra-
tion of urinary TBARS was measured in stone formers [39]
and two studies in which urinary NAG was measured [38,
39]. We were not able to find any study reporting plasma
TBARS in stone formers. The paucity in reference levels
for these biomarkers in stone formers precludes us from
making meaningful comparisons with our results.

The significant difference (Table 7) in the NAG baselines
for the RT and JGT phases of the SF study (0.64 &+ 0.08 vs
1.04 £ 0.14, p = 0.015 U/g creatinine), despite all other
peroxidative risk factors remaining stable (Table 7), demon-
strates that this biomarker may vary over a relatively short
period of time (37 days) in the same group of subjects. Not-
withstanding that such a difference prevailed, findings in
the present study were not compromised, since independent
protocols, with independently determined baselines, were
followed for the two teas under investigation.
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5 5 ﬁ ﬁ i [45]. However, because of the small sample sizes which we
= & S S used in the present study, this result, and others, can only
S| s be regarded as a preliminary finding.
4 % 2 - w The second stone-forming pathway which might be
< - .. . . . .
sl e(S a o modulated by antioxidants is that in which chemical and
Elslg |22 y
£ £|= g j;' j; physical injury to renal cells is attenuated, thereby reduc-
=) 17} . . .
ERISRE S a s ing the process in which CaOx crystals become attached
8 . or anchored at the injury site [1, 5]. While detection and
—; % measurement of this process in renal cells can be achieved
s % > in experimental and animal models, it cannot be done in
E E) g - humans. Instead, an indirect approach is required in which
a3 2 5 % levels of blood [12, 20] and urinary [12, 39] biomarkers of
i
2) i o E oxidative injury are measured prior to and after administra-
z <) = :;,E tion of potential therapeutic or prophylactic antioxidants. In
g - g % Z the present study, no statistically significant change in any
- % i % Z of the biomarkers was observed. As mentioned earlier, we
2| g § g g regard this as a preliminary finding only.
= o = = 8 g p y g y
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Table 5 Mean nutrient intake (+SE) at baseline and on day 30 after ingestion of rooiboss tea (RT) and Japanese green tea (JGT) in CaOx stone

formers
Nutrient Rooibos tea Japanese green tea Baseline com-
parisons
Baseline (day 0) RT (day 30) p value day 0 vs Baseline (day 0) JGT (day 30) p value day 0 vs p value day O
day 30 day 30 (RT) vs day 0
JGT)

Energy (kJ) 7776 £ 602 6978 =790  0.641 7862 + 1488 12695 £ 5226  0.938 0.938

Total protein (g/  78.0 = 7.3 69.5+52 0.547 824+ 19.2 94.5 £37.2 0.469 0.938
day)

Total fat (g/day) 72.8 £11.6 60.6 £ 4.6 0.547 68.8 £ 25.6 116.1 +43.1 0.578 0.688

Total carbohy-  202.11 £22.80 196.6 =41.8 0.844 208.30 £+ 29.54 340.2 £149.5 0.813 0.469
drate (g/day)

Fibre (g/day) 189+34 125 £25 0.205 22.0+43 56.2 £339 1.000 0.375

Added sugar (g/ 48.6 £18.0 38.6 +129 0.313 42.0 £ 18.1 40.0+£9.4 0.938 0.938
day)

Oxalate (mg/day) 33.1 £15.0 28.8+£219 0313 36.3 £ 16.7 16.7 £ 8.1 0.498 0.938

Calcium (mg/ 559.1 £ 124.1 493.8 +£120.3 0.641 482.1 £ 133.2 754.0 £312.1 0.938 0.813
day)

Magnesium (mg/ 295.5 +37.3 209.4 £32.9 0.055 319.0 £ 70.5 314.4 £99.0 0.297 0.297
day)

Phosphorous 1086.5 + 106.3  912.0+79.4 0.313 11553+ 2194 13654 +459.0 0.578 0.813
(mg/day)

Citric acid (mg/ 829.8 £172.6 3779 £ 113.5 0.078 811.0 £ 208.2 435.1 £ 184.1 0.078 0.813
day)

Potassium (mg/ 2302.5 +209.4 1891.6 +297.9 0.383 2537.4 £500.6 4716.9 +3034.5 0.469 0.938
day)

Sodium (mg/day) 1609.6 4 300.3 1533.3 +245.5 0.945 1341.6 £ 1943  1399.2 +120.8 0.219 0.578

Chloride (mg/  1069.6 & 387.2 1218.0 £226.9 0.742 824.6 £2004 17127 £668.5 0.688 0.297
day)

Iron (mg/day) 12.0 £ 2.9 127+ 4.7 0.742 10.7 £ 2.8 277+ 174 1.000 0.375

Zinc (mg/day) 104 £ 1.1 102+ 1.1 0.844 109 £33 155+64 0.578 0.938

Vitamin A (pg/  659.3 £327.1 4525+ 136.6 0.945 2105.6 &£ 1577.8 1612.7 +1146.4 0.938 0.297
day)

Vitamin B6 (mg/ 1.4+£02 1.3£0.2 0.742 1.5+04 2.0+0.7 1.000 0.688
day)

Vitamin C (mg/ 90.4 +£33.3 103.4 £52.8 0.844 108.3 £43.0 68.3 £19.8 0.078 0.834
day)

Vitamin D (ng/ 2.1+04 2.74+09 0.547 36+1.3 1.3+£03 0.219 0.688
day)

Vitamin E (mg/ 11.8 £4.3 6.6+ 1.5 0.742 82+3.1 7.0+ 1.7 0.813 0.297
day)

In the Oshaki National Health Insurance Cohort Study
involving over 40,000 Japanese adults, 74 % of the cohort
consumed more that 1 cup/d JGT while 30 % consumed 5
or more cups/d [46]. In the present study, 100 % of our sub-
jects in control group 2 consumed more than 1 cup/d during
the baseline and rooibos phases of the trial (mean intake
2.4 £+ 1.3 cups/d) confirming that they may be regarded as
habitual drinkers of this tea. Despite this protocol, we did
not find any evidence of synergistic effects arising from the
dual consumption of the teas.

@ Springer

Our finding that oxalate release is dependent on the
brewing time in RT but not in JGT is probably due to the
different matrices which are likely to exist in the two tea
species. Of interest is the significantly higher oxalate con-
tent in the latter tea. There is no unanimous agreement
whether this should be of concern to CaOx stone formers or
not. Charrier and co-workers suggest that the oxalate intake
arising from a daily consumption of 6 cups of GT per day is
modest compared to some common foods and hence does
not pose a risk for increasing urinary oxalate concentration
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Table 6 Mean (£SE) urinary physicochemical risk factors for CaOx nephrolithiasis at baseline and after ingestion of rooiboss tea (RT) and
Japanese green tea (JGT) for 30 days in CaOx stone formers

Urine parameter Rooibos tea Japanese green tea Baseline com-
parisons
Baseline (day 0) RT (day 30) p value day O vs Baseline (day 0) JGT (day 30) p value day O vs p value day 0
day 30 day 30 (RT) vs day O
JGT)

pH 6.21 £0.17 5.84 0.148 6.18 £0.19 5.76 £0.14 0.813 0.118

Volume (ml/24 h) 1720.6 £ 183.6 1413.8 £ 116.6 0.016 1573.6 = 126.9 1675.7 £207.7 0.297 0.336

Citrate 3.33£0.30 2.92 £ 0.40 0.641 3.13+£0.26 341+ 0.65 0.297 0.232
(mmol/24 h)

Oxalate 0.27 £0.04 0.28 £0.03 0.933 0.24 £ 0.04 0.26 £ 0.05 1.000 0.954
(mmol/24 h)

Calcium 3.15+0.40 244 £0.33 0.250 3.17 £ 047 2.74 £ 0.17 0.578 0.397
(mmol/24 h)

Magnesium 2.54+0.24 1.69 + 1.25 0.078 2.50 £ 0.27 2.10 £ 0.25 0.109 0.073
(mmol/24 h)

Sodium 153.69 + 21.15 148.68 +29.20 0.844 162.96 +21.96 150.40 £ 13.75 0.016 0.232
(mmol/24 h)

Potassium 40.93 +6.32 2598 +£2.46 0.055 41.26 +7.29 34.11 £3.11 0.016 0.054
(mmol/24 h)

Urate (mmol/24 h)4.00 4 0.41 3.13+£0.44 0.352 3.77 £ 041 327 +£0.32 0.109 0.056

Creatinine 15.56 +£1.92 14.18 £ 0.65 0.554 14.76 £ 2.01 14.84 £ 0.99 0.042 0.232
(mmol/24 h)

Phosphate 32.09 £ 5.00 31.15 £ 2.66 1.000 28.03 £+ 3.37 2795 £4.16 0.375 0.152
(mmol/24 h)

Chloride 176.25 £ 11.87 142.38 = 16.86 0.148 182.29 £ 11.80 158.57 £18.76 0.219 0.028
(mmol/24 h)

SS CaOx 2.96 £+ 0.50 3.61 £0.78 0.844 3.09 £ 0.56 2.98 £+ 0.54 1.000 0.772

SS Brushite 1.08 £ 0.51 0.66 + 0.21 0.461 1.15 £ 0.59 0.47 £0.16 0.031 0.189

SS Uric acid 1.38 £0.35 2.21 £0.52 0.250 1.48 £ 0.39 2.14 £ 0.33 0.578 0.417

Tiselius Risk 22231 £42.84 227.61 £34.17 0.742 225.96 +49.28 352.51 £39.80 0.813 0.463
Index

MSL (pmol/l)  97.50 + 10.61 90.00 £ 8.96 0.46 105.00 + 8.66  94.29 +13.38  0.41 0.72

Nucleation 1.8 £0.7 2.8+0.5 0.24 2.0+0.7 1.8+04 0.78 0.83
rate x 10°
(count/s)

Aggregation ND ND ND ND
rate x 10
(count/s)

ND not detectable

Table 7 Mean (£SE) urinary and plasma biomarkers for oxidative stress at baseline and after ingestion of rooibos tea (RT) and Japanese green
tea (JGT) for 30 days in CaOx stone formers

Biomarker Rooibos tea Japanese green tea Baseline comparisons
Baseline RT p value day O Baseline JGT p value day O p value day O (RT) vs day
(day 0) (day 30) vs day 30 (day 0) (day 30) vs day 30 0JGT)
Urinary TBARS 3.00+£0.26 2.84 £0.69 1.000 2.55+0.34 3.39£0.19 0.078 0.902
(pwmol/g creatinine)
Urinary NAG (U/g creatinine) 0.64 £ 0.08 0.73 +0.18 0.469 1.04 £0.14 0.83 £0.10 0.109 0.015
Plasma TBARS (nmol/ml) 543 +£0.55 5.62£1.31 0.688 7.75 £2.52 4.78 £0.65 0.469 0.701
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Fig. 1 Typical scanning electron micrograph of calcium oxalate crys-
tals isolated from the urines of stone-forming subjects on day 0. One
tetragonal bipyramidal crystal of COD is observed in the presence of
numerous flat pinacoidal crystals of COM. (mag x5000)

Fig. 2 Typical scanning electron micrograph of calcium oxalate crys-
tals isolated from the urines of stone-forming subjects on day 30 of
the rooibos tea protocol. Numerous flat pinacoidal crystals of COM
are observed. COD crystals are absent (mag x5000)

[47]. On the other hand, Honow and co-workers advise that
patients at risk for recurrent stone formation should take
into account the oxalate content of GT [32], while Jeong
and co-workers claim that GT should not be consumed by
SF [7]. In total contrast to this point of view, Curhan and
co-workers have suggested that tea consumption decreases
the risk of developing kidney stones [48]. We have calcu-
lated that an average consumption of 6 cups of RT per day
(i.e. 6 x 250 ml) equates to an intake of 3.5 and 6.8 mg
soluble oxalate/day brewed for 5 min and 10 min, respec-
tively, while an equivalent daily volume of JGT equates to
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Fig. 3 Typical scanning electron micrograph of calcium oxalate
crystals isolated from the urines of stone-forming subjects on day 30
of the Japanese green tea protocol. Pinacoidal crystals of COM are
observed. COD crystals are absent (mag x5000)

33.2 and 36.2 mg soluble oxalate/day. Since these values
lie below the estimated normal dietary intake of oxalate of
50 mg/day [49], we conclude that daily consumption of RT
and JGT would not increase the risk of CaOx renal stone
formation.

Our finding that crystal morphology showed a ten-
dency to change from mixed COM/COD to COM is also
not encouraging; a shift to COD formation would have
been preferable, since these crystals have a lower binding
affinity for epithelial cells, and as such they will have a
decreased crystal retention capacity [50].

Thus, the present study has not revealed any compel-
ling evidence to support the notion that RT and JGT have a
capacity for reducing the physicochemical or peroxidative
risk factors for CaOx renal stone formation. However, as
we alluded to earlier in this paper, we recognise that owing
to our small sample sizes, our statistical tests have limited
power to reject the null hypothesis. As such, the absence of
significant p values can only be interpreted as an absence of
large effects. It cannot be interpreted as being indicative of
no effects. The present study therefore presents preliminary
findings only. Future studies with greater statistical power
may indeed detect smaller effects if they are present.

Despite this, our preliminary findings are disappointing,
as RT (and GT) has strong antioxidant properties and might
have been expected to have demonstrated such activity
even in our small samples. This is particularly true for RT
which contains a unique polyphenol, Aspalathin. The lat-
ter contributes approximately 43 % of the total antioxidant
activity of RT [51, 52] and mimics superoxide dismutase
for its antioxidant activity [53]. Moreover, numerous
health promoting properties, attributed to RT’s antioxidant
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activity, have been demonstrated in in vitro assays and in
animal models [20].

Further evidence indicating that green tea may not
reduce the risk factors for stone formation is provided by
comparison of baseline urinary physicochemical and per-
oxidative risk factors in the two control groups (Tables 1
and 2, respectively). Paradoxically, this shows significantly
higher levels of calcium, sodium, potassium, SS(CaOx),
TBARS and NAG in Group 2, despite habitual consump-
tion of JGT in this group. However, all values were within
their respective normal ranges and are most likely due to
variations in the free diets of the two groups, notwithstand-
ing that these were restricted with respect to intake of oxa-
late and antioxidants.

Besides the limitation of small sample sizes in the pre-
sent study, another possible explanation for the apparent
absence of any anti-lithogenic effects following the con-
sumption of RT and JGT is that the present study may
have been too conservative in terms of duration and dos-
age of the administered teas. In a study on the effects of
pomegranate extract, which is rich in multiple antioxi-
dants, the authors observed that much more pronounced
effects occurred after 1 year of administration than after
90 days [12]. They suggest that long periods of administra-
tion (undefined) may be required for antioxidants to have
an inhibitory effect on stone formation, because there may
be differences among individuals in the absorption of poly-
phenols [12]. In the study mentioned earlier, in which the
authors observed a decrease in plasma TBARS after inges-
tion of RT, the trial period was 6 weeks [20], whereas in the
present study the period was 30 days.

Arguments have also been advanced to suggest that
patients with greater baseline abnormalities (especially
severe hyperoxaluria or hypercalciuria) may respond more
dramatically to antioxidant supplementation [12]. Neither of
these clinical conditions applied to the subjects in the present
study, thereby culminating in the absence of any effects.

Since our results are not sufficiently robust to pronounce
definitively on whether RT and JGT are able to decrease
the physicochemical and peroxidative risk factors for CaOx
stone formation in humans, further studies are warranted.
In this regard, we believe that our study provides a template
for future investigations in which the size of the test groups
is increased to achieve statistical power and experimental
conditions relating to dosage, duration and patient patholo-
gies are altered. However, as with many other potential
anti-stone therapies, the ultimate test of efficacy would be
to monitor stone recurrence in a group of stone-forming
patients who ingest rooibos and other green teas over a pro-
longed period of time.
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